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(54) OPHTHALMOLOGICAL OBSERVATION DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an 
ophthalmological observation device which can change an 
angle of an introduced light and reduce a flare in an cross- 
focusing and inclined lighting ophthalmological observation 
device. 

SOLUTION: This ophthalmological observation device 
consists of an observation part, observation optical system 20, 
light source 1 1 which emits lighting and lighting optical 
system 10. The observation part observes subjects eye 1 
through object lens 21. The observation optical system 20 has 
focusing lens 23 which focuses an image of the subject's eye 1 
on the observed part. The lighting optical system 10 has 
reflecting mirror 14 which reflects the lighting from the light 
source 1 1 and introduces the light into the testee's eye 1 with 
the different angle from the light axis of the observation 
optical system 20 and through the object lens 21. This device 
is also equipped with angle changing part 30 which changes 
the position of the reflecting mirror 14 by moving the 
reflecting mirror 14 so that angle of introduced illumination 
light 9 toward the subject's eye 1 can be altered. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The observation optical system which has the observation section which observes optometry- 
ed through an objective lens, and the focussing lens which makes the image examined [ said ] the eyes 
focus to this observation section, It is the include angle from which the optical axis of said observation 
optical system differs the illumination light from the source of the illumination light which emits the 
illumination light, and this source of the illumination hght. And ophthalmology observation equipment 
characterized by having an include-angle modification means to move said light guide means and to 
change the light guide include angle of the illumination light to said optometry-ed in ophthalmology 
observation equipment equipped with the illumination-light study system which has the light guide 
means led to said optometry-ed through said objective lens. 

[Claim 2] Said include-angle modification means is ophthalmology observation equipment according to 
claim 1 characterized by the ability to change into the include angle for which it was suitable in order to 
illuminate eyegrounds examined [ of a mydriasis condition ] the eyes of said light guide include angle, 
or the include angle for which it was suitable in order to illuminate eyegrounds examined [ of a non- 
mydriasis condition ] the eyes freely. 

[Claim 3] eyegrounds examined [ said ] the eyes in said illumination-light study system, and 
abbreviation ~ the ophthalmology observation equipment according to claim I or 2 characterized by 
having the radiation field diaphragm which has the first of a configuration and the second opening from 
which it is and differs for narrowing down the lighting range of said illumination light to a location 
[****] mutually. 

[Claim 4] In case it is changed into the include angle for which it was suitable in order that said light 
guide include angle might illuminate eyegrounds examined [ of a mydriasis condition ] the eyes with 
said include-angle modification means, the first opening of said radiation field diaphragm is minded. 
The lighting range of the illumination light A rat tail. And so that the lighting range of the illumination 
light may be narrowed down through the second opening of said radiation field diaphragm, in case it is 
changed into the include angle for which it was suitable in order that said light guide include angle 
might illuminate eyegrounds examined [ of a non-mydriasis condition ] the eyes with said include-angle 
modification means Ophthalmology observation equipment according to claim 3 characterized by 
having a interlocking means to interlock said include-angle modification means and said radiation field 
diaphragm. 

[Claim 5] Ophthalmology observation equipment according to claim 1 to 4 characterized by having a 
calculation means to have a pupil diameter measurement means for measuring the pupil diameter 
examined the eyes, and to compute said light guide include angle based on the measurement result of 
this pupil diameter measurement means, and the control means which controls said include-angle 
modification means based on the light guide include angle computed with said calculation means, 
[Claim 6] The observation optical system which has the observation section which observes optometry- 
ed through an objective lens, and the focussing lens which makes the image examined [ said ] the eyes 
focus to this observation section. It is the include angle from which the optical axis of said observation 
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optical system differs the illumination light from the source of the illumination light which emits the 
illumination light, and this source of the -illumination light. And it sets to ophthalmology observation 
equipment equipped with the illumination-light study system which has the light guide means led to said 
optometry-ed through said objective lens. The perpendicular include angle of the optical axis of said 
illumination light by said light guide means and the optical axis of said observation optical system to 
make is set up so that it may be suitable in order to illuminate eyegrounds examined [ of a non-mydriasis 
condition / said ] the eyes. In the 1st flat surface which contains said perpendicular include angle so that 
it may be suitable in order to illuminate eyegrounds examined [ of a mydriasis condition / said ] the 
eyes, and the 2nd flat surface which carries out an abbreviation rectangular cross Ophthalmology 
observation equipment characterized by establishing an include-angle modification means by which the 
level include angle of the optical axis of said illumination light by said light guide means and the optical 
axis of said observation optical system to make can be set up. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the ophthalmology observation equipment which has 
the description in the structure for performing lighting especially to optometry-ed about the 
ophthalmology observation equipment for observing optometry-ed. 
[0002] 

[Description of the Prior Art] There are various things, such as an inverted-image mirror and a direct 
ophthalmoscope, in the ophthalmology observation equipment for observing eyegrounds examined the 
eyes. What a focus method is internal focusing which is moved in the direction of an optical axis, and 
performs the focussing lens inside equipment among such ophthalmology observation equipment, and is 
the oblique illumination type to which the lighting method to optometry-ed carries out the light guide of 
the illumination light to optometry-ed at the include angle from which the optical axis of observation 
optical system differs is offered, and, generally this is called the large ophthalmoscope. As shown in 
drawin g 18 , this large ophthalmoscope is equipped with the illumination-light study system which has 
the observation optical system which has an objective lens 100, the ocular 101 for observing the 
optometry 1-ed through this objective lens 100 and focussing lens 102, and the focal mirror 106, and the 
reflective mirror 104 which tums to the optometry 1-ed the illumination light of the source 103 of the 
illumination Hght which emits the illumination light, and the source 103 of the illumination light, and is 
reflected, and is constituted. The reflective mirror 104 of an illumination-hght study system carries out 
the light guide of the illumination light from the source 103 of the illumination light to the optometry 1- 
ed at an include angle which is different in the optical axis 105 of observation optical system. 
[0003] 

[Problem(s) to be Solved by the Invention] Generally, if the include angle (it only considers as a "light 
guide include angle" hereafter) of the optical axis 105 of observation optical system and the optical axis 
107 of an illumination-Ught study system to make becomes small, the duplication range of an 
illumination-light bundle and the observation flux of light will become large, and the flare which this 
duplication range and the lens front face examined [ 1 ] the eyes lap, and is produced will also become 
large. Thus, if the flare becomes large, since observation light will be made muddy and observation will 
become difficult with this flare, it is desirable to take a large light guide include angle as much as 
possible, and not to produce the flare. 

[0004] When observing eyegrounds examined [ 1 ] the eyes here, the two observation approaches of the 
mydriasis observation which observes in the condition of having made the pupil examined [ 1 ] the eyes 
opening greatly, and the non-mydriasis observation which does not perform medication but observes in 
the condition that the pupil examined [ 1 ] the eyes is the usual magnitude are adopted by prescribing a 
medicine for the subject. Among these, in mydriasis observation, since the pupil examined [ 1 ] the eyes 
is greatly open, even if it enlarges a light guide include angle, it reaches to eyegrounds examined [ 1 ] 
the eyes, without the illumination light being interrupted by the iris. However, in non-mydriasis 
observation, since the pupil examined [ 1 ] the eyes is small, if a light guide include angle is enlarged 
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like the case where it is mydriasis observation, the illumination light will be interrupted by the iris and 
will not reach to eyegrounds examined [ 1 ] the' eyes. 

[0005] In order to make the illumination light reach to eyegrounds examined [ 1 ] the eyes and to make 
the flare small as much as possible from these things, for that, it is necessary to carry out the light guide 
of the illumination light at the light guide include angle which was suitable at the time of each 
observation, and to change a light guide include angle, respectively the case of mydriasis observation, 
and in the case of non-mydriasis observation. 

[0006] However, the case of mydriasis observation, and in the case of non-mydriasis observation, since 
the reflective mirror 104 of an illumination-light study system was being fixed to the location distant 
from the optical axis 105 of observation optical system, the light guide include angle was unchangeable 
in the ophthalmology observation equipment like the large ophthalmoscope shown in drawing 18 , 
respectively. For this reason, the user needed to hold both the large ophthalmoscope of a light guide 
include angle suitable for mydriasis observation, and the large ophthalmoscope of a light guide include 
angle suitable for non-mydriasis observation. Or since it was necessary to perform mydriasis observation 
and a light guide include angle was not able to take greatly in this case with the large ophthalmoscope 
suitable for for example, non-mydriasis observation when both large ophthalmoscopes cannot be held, 
the flare arose and there were problems, like observation becomes difficult. 
[0007] Moreover, although the light guide include angle needed to be made small in non-mydriasis 
observation as mentioned above, there was a case where the flare becomes large as described above 
when a light guide include angle is made small, observation light became muddy and observation 
became difficult. However, in the conventional large ophthalmoscope, especially the means for 
decreasing the flare was not established, but the improvement was demanded from the user. 
[0008] This invention aims at offering the ophthalmology observation equipment which it was made 
[ equipment ] in order to solve the trouble in said convenfional ophthalmology observation equipment, 
and a light guide include angle can be changed [ equipment ], and can decrease the flare. 
[0009] 

[Means for Solving the Problem] In order to solve the trouble in such conventional ophthalmology 
observation equipment this invention according to claim 1 The observation optical system which has the 
observation section which observes optometry-ed through an objective lens, and the focussing lens 
which makes the image examined [ said ] the eyes focus to this observation section. It is the include 
angle from which the optical axis of said observation optical system differs the illumination light from 
the source of the illumination light which emits the illumination light, and this source of the illumination 
light. And in ophthalmology observation equipment equipped with the illumination-light study system 
which has the light guide means led to said optometry-ed through said objective lens, said light guide 
means is moved and it constitutes as a description having had an include-angle modification means to 
change the light guide include angle of the illumination light to said optometry-ed. 
[0010] Moreover, this invention according to claim 2 is constituted in this invention according to claim 
1 considering the ability to change said include-angle modification means into the include angle for 
which it was suitable in order to illuminate eyegrounds examined [ of a mydriasis condition ] the eyes of 
said light guide include angle, or the include angle for which it was suitable in order to illuminate 
eyegrounds examined [ of a non-mydriasis condition ] the eyes freely as a description. 
[001 1] moreover, eyegrounds set this invention according to claim 3 to this invention according to claim 
1 or 2, and examined [ said ] the eyes in said illumination-light study system and abbreviation - it 
constitutes as a description having had the radiation field diaphragm which has the first of a 
configuration and the second opening from which it is and differs for narrowing down the lighting range 
of said illumination light to a location [****] mutually. 

[0012] moreover - the time of this invention according to claim 4 being changed into the include angle 
for which it was suitable in order that said light guide include angle might illuminate eyegrounds 
examined [ of a mydriasis condition ] the eyes with said include-angle modification means in this 
invention according to claim 3 ~ the first opening of said radiation field diaphragm -- minding - the 
lighting range of the illumination light - a rat tail - and So that the lighting range of the illumination 
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light may be narrowed down through the second opening of said radiation field diaphragm, in case it is 
changed into the include angle for whicfi it was suitable in order that said light guide include angle 
might illuminate eyegrounds examined [ of a non-mydriasis condition ] the eyes with said include-angle 
modification means It constitutes as a description having had a interlocking means to interlock said 
include-angle modification means and said radiation field diaphragm. 

[0013] Moreover, in this invention according to claim 1 to 4, this invention according to claim 5 has a 
pupil diameter measurement means for measuring the pupil diameter examined the eyes, and it 
constitutes as a description having a calculation means to compute said light guide include angle based 
on the measurement result of this pupil diameter measurement means, and the control means which 
controls said include-angle modification means based on the Hght guide include angle computed with 
said calculation means. 

[0014] Moreover, the observation section in which this invention according to claim 6 observes 
optometry-ed through an objective lens, It is the include angle from which the optical axis of said 
observation optical system differs the illumination light fi-om the observation optical system which has 
the focussing lens which makes the image examined [ said ] the eyes focus to this observation section, 
the source of the illumination light which emits the illumination light, and this source of the illumination 
light. And it sets to ophthalmology observation equipment equipped with the illumination-light study 
system which has the light guide means led to said optometry-ed through said objective lens. The 
perpendicular include angle of the optical axis of said illumination light by said light guide means and 
the optical axis of said observation optical system to make is set up so that it may be suitable in order to 
illuminate eyegrounds examined [ of a non-mydriasis condition / said ] the eyes. In the 1st flat surface 
which contains said perpendicular include angle so that it may be suitable in order to illuminate 
eyegrounds examined [ of a mydriasis condition / said ] the eyes, and the 2nd flat surface which carries 
out an abbreviation rectangular cross It constitutes having established an include-angle modification 
means by which the level include angle of the optical axis of said illumination light by said light guide 
means and the optical axis of said observation optical system to make could be set up as a description. 
[0015] 

[Embodiment of the Invention] Hereafter, the first operation gestalt of the ophthalmology observation 
equipment conceming this invention is explained to a detail with reference to a drawing. The top view in 
which the top view and drawin g 2 which shows the whole ophthalmology observation equipment 
configuration [ in / in drawing 1 / this operation gestalt ] show the side elevation of the ophthalmology 
observation equipment of drawing 1 , and drawing 3 R> 3 shows the observation condition of a 
mydriasis eye, drawing 4 , the top view in which drawing 5 shows the observation condition of a non- 
mydriasis eye, drawing in which drawing 6 shows the include-angle modification section of the 
ophthalmology observation equipment of drawing 1 , drawing 7 , and drawing 8 are drawings shown 
focusing on a radiation field diaphragm. 

[0016] In drawin g 1 , this ophthalmology observation equipment is constituted as a large 
ophthalmoscope for observing eyegrounds examined [ 1 ] the eyes, and is equipped with the 
illumination-light study system 10 and the observation optical system 20. The illumination-light study 
system 10 consists of the source 1 1 of the illumination light which emits the illumination light, radiation 
field diaphragm 12 which extracts the illumination light to the predetermined range, a relay lens 13, and 
a light guide means slack reflective mirror 14 for reflecting the illumination light, as shown in drawing 
2 . It is emitted in the source 1 1 of the illumination light, and the light guide of the illumination light is 
carried out to the predetermined range towards the optometry 1-ed through a rat tail, a relay lens 13, the 
reflective mirror 14, and an objective lens 21 by passing the openings 12a- 12c which the radiation field 
diaphragm 12 mentions later. The source 1 1 of these illumination light, the radiation field diaphragm 12, 
the relay lens 13, the reflective mirror 14, and the objective lens 21 are dedicated by one in the case 15. 
[0017] Moreover, the observation optical system 20 consists of an objective lens 21, a focussing lens 23, 
and an observation section slack ocular 22 for observing the optometry 1-ed through an objective lens 
21 and a focussing lens 23. The light (following, "reflected light") which the light guide was carried out 
to the optometry 1-ed by the illumination-light study system 10, and was reflected by eyegrounds 
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examined [ 1 ] the eyes passes along an objective lens 21, and focuses to a ** person's eye through an 
ocular 22 by migration in the direction of an optical axis of a focussing lens 23. The case 15 which 
dedicated these objective lenses 21, the focussing lens 23, the ocular 22, and the illumination-light study 
system 10 is dedicated by one in the case 24. 

[0018] As shown at drawing 1 between the optical axis of the illumination light reflected towards the 
optometry 1-ed by the reflective mirror 14 shown in drawing 2 here, and the optical axis of the 
observation optical system 20, the Hght guide include angle theta is formed in the horizontal plane 
including the optical axis of the observation optical system 20 (inside of the same field as the drawing 1 
space). Therefore, incidence of the illumination light which was reflected by the reflective mirror 14 and 
led to the optometry 1-ed through the objective lens 21 is carried out to eyegrounds examined [ 1 ] the 
eyes in different include-angle theta* from the optical axis of the observation optical system 20 (the light 
guide include angle of the illumination light in the interior examined [ 1 ] the eyes is hereafter 
distinguished from the light guide include angle of the illumination light before reflecting by the 
reflective mirror 14 by giving and expressing). 

[0019] In order to change Hght guide include-angle theta' by changing the above-mentioned light guide 
include angle theta in this ophthalmology observation equipment, the include-angle modification means 
slack include-angle modification section 30 is formed (the detail of the include-angle modification 
section 30 is mentioned later). Concretely, light guide include-angle theta' is changed into the light guide 
include angle theta'2 (theta' l>theta'2), when observing the optometry 1-ed of a non-mydriasis condition 
at the light guide include angle theta' 1, in observing the optometry 1-ed of a mydriasis condition. The 
observation condition of a mydriasis eye is shown in drawing 3 . In this drawin g 3 , a mydriasis 
condition has the optometry 1-ed, and the path of the pupil surrounded in that iris la is large, and carries 
out the light guide of the illumination light to the optometry 1-ed at the light guide include angle theta' 1. 
It is reflected by eyegrounds examined [ 1 ] the eyes, and the illumination hght (in drawing 3 - drawin g 
5 , a sign SI shows the illumination light) by which the light guide was carried out at the light guide 
include angle theta' 1 reaches the exterior examined [ 1 ] the eyes as an observation light (in drawing 3 - 
5, a sign S2 shows observation light). 

[0020] Moreover, the observation condition of a non-mydriasis eye is shown in drawing 4 . In this 
drawing 4 , a non-mydriasis condition has the optometry 1-ed, and it is that iris la. The path of the pupil 
surrounded is small and is in the condition that not much large light guide include-angle theta' cannot be 
taken. For this reason, the light guide of the illumination light is carried out at the light guide include 
angle theta'2 smaller than the hght guide include angle theta' 1. 

[0021] Thus, a change to theta'2 or theta' 1 from theta'2 from the light guide include angle theta' 1 is made 
by changing the light guide include angle theta into theta 1 to theta 2, or theta 1 from theta 2 by the 
include-angle modification section 30. This include-angle modification section 30 is arranged among 
cases 15 and 24, as shown in drawing 2 . Drawing 6 (a) is important section drawing of longitudinal 
section of the include-angle modification section 30, and drawing 6 (b) is the top view of the include- 
angle modification section 30. In drawing 6 (a), the include-angle modification section 30 consists of a 
rotation means slack revolving shaft 31 and a control lever 32. A revolving shaft 31 penetrates cases 15 
and 24, and is engaged free [ rotation ] to a case 24 in a case 15. The revolving shaft 31 is arranged at P 
points of the focal location of an objective lens 21, i.e., drawing 1 . Protruded towards the case 24 from 
the case 15, it is made to expose outside through the slot 33 which prepared the point in the case 24, and 
the control lever 32 is made operational from the outside. This slot 33 is formed in the shape of 
[ centering on the center of rotation of a revolving shaft ] radii, as shown in drawin g 6 (b), and it can 
change by moving a control lever 32 along a slot 33, the include angle theta, i.e., the light guide include 
angle, to the optometry 1-ed of the reflective mirror 14 in a case 15. 

[0022] Especially, since it is desirable in this ophthalmology observation equipment that it can position 
easily at these two include angles well if modification to thetal and theta2 is possible for the hght guide 
include angle theta, the chck section 40 for positioning is formed, the solid sphere always pressed at a 
case 24 side by the spring 42 prepared in one pore 41 prepared in the case 15, and this pore 41 as this 
click section 40 was shown in drawin g 6 (a), and this spring 42 - as shown in 43 and drawin g 6 (b), it 
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consists of four stop pores 44-47 prepared in the case 24. 

[0023] the solid sphere pressed by the spring 42 -- 43 makes either of the stop pores 44-47 stop that 
edge, the rotation actuation to the case 24 of a case 15 is regulated by this stop, and positioning is 
performed. Here, four stop pores 44-47 are formed in the location which sets a light guide include angle 
to thetal, theta2, -theta2, and -thetal (the include angle of minus shows the include angle which 
becomes symmetrical [ the include angle of plus ] to the optical axis of the observation optical system 
20), respectively. For example, as shown in drawing 6 (b), a light guide include angle is set to theta 1 in 
the condition of having made the stop pore 44 stopping a sohd sphere, and where the stop pore 45 is 
stopped, a light guide include angle is set to theta 2. 

[0024] Now, it is mentioned that the configuration for decreasing the flare is prepared as a description of 
the ophthalmology observation equipment in this operation gestalt. Hereafter, this configuration is 
explained. In observation of the mydriasis eye first shown in drawing 3 , since light guide include-angle 
theta* can be enlarged enough as mentioned above, a good observation image is obtained. On the other 
hand, in observation of the non-mydriasis eye shown in drawing 4 , it is necessary to carry out incidence 
of the illumination light from a small pupil diameter, and to make light guide include-angle theta' small. 
Consequently, the part with which the range where observation light and the illumination light overlap, 
and a lens front face lap becomes large, and the flare arises by reflection of this lens front face (in 
drawing 4 , a sign F2 shows the lap part on the duplication range of observation light and the 
illumination light leading to this flare, and the front face of a lens). This flare makes observation light 
muddy white, and makes observation difficult. 

[0025] As here shows the ophthalmology observation equipment in this operation gestalt to drawing 2 , 
the radiation field diaphragm 12 is established between the source 1 1 of the illumination light, and the 
reflective mirror 14. This radiation field diaphragm 12 is shown in drawin g 7 (a). In this drawin g 7 (a), 
the radiation field diaphragm 12 is formed in circular tabular, and two circular openings 12a and 12b and 
opening 12c of one hemicycle are formed of notching Lycium chinense in that part, among these 
infrared transparency filter 12d is inserted in opening 12b. This radiation field diaphragm 12 is made 
pivotable as a core in the revolving shaft of that core, and this rotation enables it to arrange alternatively 
either of the openings 12a- 12c at the lower part of the source 1 1 of the illumination light. 
[0026] In the condition that opening 12a has been arranged down the source 1 1 of the illumination light 
as shown in drawing 7 (a) the illumination light emitted from the source 1 1 of the illumination light as 
the center position of this opening 12a and the center position of the illumination light from the source 
1 1 of the illumination light corresponded, therefore it was shown in drawing 7 (b) ~ mostly, all pass the 
radiation field diaphragm 12, and result in the reflecfive mirror 14, and a light guide is carried out 
towards the optometry 1-ed. This condition is in the condition shown in drawing 3 and drawing 4 . 
[0027] moreover, the case where opening 12b has been arranged down the source 1 1 of the illumination 
light - the center position of this opening 12b, and the center position of the illumination light from the 
source 1 1 of the illumination light - corresponding - the illuminafion light - all result in the reflective 
mirror 14 mostly. Since infrared transparency filter 12d is merely inserted in dehiscence regio-oralis 
12b, the illumination light turns into infrared light, and passes the radiation field diaphragm 12, and a 
light guide is carried out to the optometry 1-ed. This infrared light is observable in the condition that a 
pupil diameter is large, also in a non-mydriasis eye by using for observation the image sensor which is 
not made to sense dazzle for the subject compared with the usual illumination light, therefore has 
sensibility in infrared light. 

[0028] In the condition that opening 12c has been arranged down the source 1 1 of the illumination light 
on the other hand as shown in drawin g 8 (a) As the center position of the straight-line side of this 
opening 12c and the illumination-light center position from the source 1 1 of the illumination light 
correspond, therefore it is shown in drawing 8 (b) It is interrupted by the radiation field diaphragm 12 
and cannot pass, but only the illumination light of abbreviation one half passes the radiation field 
diaphragm 12, the abbreviation one half of the illumination light emitted from the source 1 1 of the 
illumination light results in the reflective mirror 14, and a light guide is carried out towards the 
optometry 1-ed. This condition is shown in drawing 5 . 
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[0029] In this drawing 5 , like drawing 4 , the optometry 1-ed is a non-mydriasis eye, and a Hght guide 
include angle is theta*2 again. However,' since opening 12c of the radiation field diaphragm 12 was used 
as mentioned above unlike drawing 4 , the illumination light SI serves as width of face (width of face in 
the direction of the drawing 4 space) of abbreviation one half. Specifically, the width of face to the 
eyegrounds core of the illumination light SI which reaches eyegrounds examined [ 1 ] the eyes is LI in 
drawin g 5 to being L1+L1=2L1 in drawing 4 R> 4. For this reason, as shown in drawing 5 , the flare 
produced by duplication on the illumination light SI, the observation light S2, and a lens front face has 
not arisen. Therefore, the observation light S2 is not made muddy by the flare, and good observation is 
attained. However, when the illumination light SI is made into half width of face as mentioned above, 
an observation field also serves as half. 

[0030] Although the description slack include-angle modification section 30 of this operation gestalt and 
the radiation field diaphragm 12 were explained until now, respectively, these functions are not separate 
and the effectiveness is further demonstrated by corresponding mutually. That is, although a light guide 
include angle is set to theta'l and observation of it with a high field angle is enabled at the time of 
mydriasis eye observation, since it is not necessary to extract the illumination light to one half according 
to the radiation field diaphragm 12 in this case, or to make it infi:-ared light, opening 12a is used among 
the openings 12a- 12c of the radiation field diaphragm 12. On the other hand, at the time of non- 
mydriasis eye observation, when a light guide include angle is set to theta'2, in order to extract the 
illumination Hght to one half and to decrease the flare, opening 12c of the radiation field diaphragm 12 
is used. However, even if it is at the non-mydriasis eye observation time, since the pupil diameter 
examined [ 1 ] the eyes is large and observation with a high field angle is possible when making the 
illumination light into infrared light by opening 12b of the radiafion field diaphragm 12, a Hght guide 
include angle is set to theta'l by the include-angle modification section 30. 

[0031] Moreover, although illustration is omitted, these include-angles modification section 30 and the 
radiation field diaphragm 12 interlock according to a well-known interlock. For example, when the 
include-angle modification section 30 is operated by the control lever, actuation of this include-angle 
modification section 30 may be sensed in a position sensor, and the radiation field diaphragm 12 may be 
automatically rotated in motorised according to these contents of sensing. In the condition that form the 
switch for changing the two modes, "general observation mode" and "infrared observation mode", for 
example to this equipment, and "general observation mode" is chosen by this switch if this ganged 
operation is explained more concretely When you make automatically opening 12a of the radiation field 
diaphragm 12 into a busy condition by linkage when a light guide include angle is set to theta'l, and 
referred to as theta7, let opening 12c be a busy condition automatically by linkage. Moreover, when 
"infi:'ared observation mode" is chosen, while setting a Hght guide include angle to theta'l automatically, 
opening of the radiation field diaphragm 12 is automatically set to 12b. 

[0032] Next, the second operation gestalt of the ophthalmology observation equipment concerning this 
invention is explained. However, especially about a part without explanation, a same sign shows the 
same component as the first operation gestalt like the above-mentioned first operation gestalt. Drawin g 9 
is the side elevation showing this whole operation gestalt configuration. After the illumination light 
emitted in this drawing 9 fi-om the source 1 1 of the illumination light of the illumination-light study 
system 10 is extracted by the radiation field diaphragm 12, it is reflected in reflective mirror 14a or 
reflective mirror 14b, and the light guide of it is carried out to the optometry 1-ed at a different include 
angle from the optical axis of the observation optical system 20. 

[0033] As shown in drawing 9 here, incidence of the illumination light reflected in reflective mirror 14a 
is carried out to an objective lens 21 at the light guide include angle theta 1, it carries out incidence to 
the optometry 1-ed after that, and reaches eyegrounds examined [ 1 ] the eyes at the light guide include 
angle theta'l. Moreover, incidence of the illumination light reflected in reflective mirror 14b is carried 
out to an objective lens 21 at the light guide include angle theta 2, it carries out incidence to the 
optometry 1-ed after that, and reaches eyegrounds examined [ 1 ] the eyes at the light guide include 
angle theta'2. In this operation gestalt, by using it in this way, changing the reflective mirrors 14a and 
14b mutually, the light guide include angle theta is changed and, as a result, light guide include-angle 
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theta' is changed. 

[0034] Drawing 10 is the conceptual dia'gram o'f the include-angle modification section 50 in this 
operation gestalt, and the condition that (a) is using reflective mirror 14b, and the condition that (b) is 
using reflective mirror 14a are shown. The include-angle modification section 30 is first shown in 
drawing 1 1 as a perspective view. As shown in this drawing 11 , the include-angle modification section 
30 fixes two reflective mirrors 14a and 14b to a substrate 51, and is formed, and this substrate 51 is 
supported pivotable considering the revolving shaft 52 as a core. Either of two reflective mirrors 14a and 
14b can be alternatively arranged on the optical axis of the source 1 1 of the illumination light by rotating 
this substrate 5 1 . 

[0035] As shown in drawing 10 (a), when reflective mirror 14b has been arranged on the optical axis of 
the source 1 1 of the illumination light, the arrangement location and include angle of reflective mirror 
14b are determined so that the light guide of the illumination light may be carried out by this reflective 
mirror 14b at the light guide include angle theta 1. Moreover, as shown in drawing 10 (b), when 
reflective mirror 14a has been arranged on the optical axis of the source 1 1 of the illumination light, the 
arrangement location and include angle of reflective mirror 14a are determined so that the light guide of 
the illumination light may be carried out by this reflective mirror 14a at the light guide include angle 
theta 2. This include-angle modification section 50 is driven with the drive motor which engaged with 
the revolving shaft 52 of a substrate 51 and which is not illustrated, and either of the reflective mirrors 
14a and 14b is arranged on the optical axis of the source 1 1 of the illumination light. 
[0036] Next, the third operation gestalt of the ophthalmology observation equipment concerning this 
invention is explained. However, especially about a part without explanation, a same sign shows the 
same component as the first operation gestalt like the above-mentioned first operation gestalt. drawin g 
12 - a book - operation — a gestah — it can set ~ ophthalmology — observation -- equipment - the 
whole " a configuration - being shown - a top view - drawing 1 3 -- drawing 12 -- ophthalmology ~ 
observation ~ equipment ~ a side elevation ~ drawing 14 — mentioning later ~ a light guide — an 
include angle H ~ theta — ' - V — theta - * - G - theta — ' -- mutual - relation — explaining - a sake 
" drawing — it is . 

[0037] In this gestalt, a light guide is possible in the illumination light at Ught guide include-angle 
Gtheta compounded from light guide include-angle Htheta (level include angle) formed in a horizontal 
plane including the optical axis of the observation optical system 20 (inside of the same field as the 
drawing 12 space), and light guide include-angle (perpendicular include angle) Vtheta formed in a 
vertical plane including the optical axis of observation optical system (inside of a perpendicular field to 
the drawing 12 space). If the include-angle modification section 30 is formed like the first operation 
gestalt, light guide include-angle Htheta is formed of this in the horizontal plane which includes the 
optical axis of the observation optical system 20 as shown in drawing 12 and only the inside of a 
horizontal plane is specifically considered, incidence of the illumination light will be carried out to 
eyegrounds examined [ 1 ] the eyes by light guide include-angle Htheta'. Moreover, in this 
ophthalmology observation equipment, if light guide include-angle Vtheta within the vertical plane 
which includes the optical axis of the observation optical system 20 by arranging the reflective mirror 14 
of the illumination-Hght study system 10 to the optical axis of the observation optical system 20 at the 
method of drawing Nakagami is formed and only the inside of a vertical plane is considered as shown in 
drawing 1 3 , incidence of the illumination light will be carried out to eyegrounds examined [ 1 ] the eyes 
by light guide include-angle Vtheta*. Therefore, in fact, the light guide of the illumination light is carried 
out in light guide include-angle Gtheta which comes to compound light guide include-angle Htheta and 
light guide include-angle Vtheta, and it carries out incidence to eyegrounds examined [ 1 ] the eyes by 
Gtheta'. 

[0038] these - V - theta ~ ' - H - theta - ' - G - theta - ' - mutual - relation - drawing 14 - 
referring to - explaining . Now, in drawin g 14 , the X-axis and a horizontal plane are expressed for the 
optical axis of observation optical system, and eyegrounds examined [ a X-Z flat surface and / 1 ] the 
eyes are expressed for a X-Y flat surface and a vertical plane as origin of coordinates. And if X-Z flat- 
surface and light guide include-angle Htheta' is expressed for light guide include-angle Vtheta' to a X-Y 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 3/22/2005 



JP,1 1-089798, A [DETAILED DESCRIPTION] 



Page 8 of 10 



flat surface, respectively, light guide include-angle Gtheta' will become like illustration, here — these — 
V ~ theta - ' -- H -- theta - ' ~ G ~ thet'a ~ ' --'mutual ~ **** - [Equation 1] from illustration 

(2sm^/=(2sin^^(2sm^f 

****** arises. 

[0039] Here, as shown in drawing 13 , in this gestah, light guide include-angle Vtheta is being fixed to 
the light guide include angle theta 2 suitable for non-mydriasis observation, and modification only of 
light guide include-angle Htheta of drawing 12 is enabled by the include-angle modification section 30. 
Therefore, it can become light guide include-angle Htheta=0, then light guide include-angle G theta=V 
theta=theta 2 by the include-angle modification section 30 first, namely, can be set to light guide 
include-angle Gtheta - Vtheta -theta'2, and incidence of the illumination light can be carried out to 
eyegrounds examined [ 1 ] the eyes at the light guide include angle theta'2 suitable for non-mydriasis 
observation. Moreover, incidence of the illumination light can be carried out to eyegrounds examined 
[ 1 ] the eyes at the light guide include angle theta' 1 which an include angle which fills the following 
formula 2, then the light guide include angle were set to theta 1, therefore was suitable for mydriasis 
observation in Hght guide include-angle Htheta with the include-angle modification section 30. 
[Equation 2] 

( 2sm^ ( 2sin^ )\ ( 2sin^ )' ^2 

Z 2 2 

[0040] Thus, in this gestalt, while light guide include-angle Vtheta is fixed to the light guide include 
angle theta 2, the light guide include angle suitable for non-mydriasis observation and the light guide 
include angle suitable for mydriasis observation can be switched by changing hght guide include-angle 
Htheta into an include angle which fills 0 or a formula 2. 

[0041] Since the light guide include angle theta 2 is what is set up as a light guide include angle suitable 
for non-mydriasis observation here, it is desirable that it is the include angle which the incidence of the 
illumination light can be carried out to a non-powder pupil, and does not interrupt the flux of light of 
observation optical system, i.e., the reflected light. Specifically, the light guide include angle theta 2 is 
set as about 6 times to the optical axis of the observation optical system 20. It is desirable that it is the 
include angle which it can carry out [ include angle ] incidence of the illumination light to a powder 
pupil since the light guide include angle theta 1 is what is set up as a light guide include angle suitable 
for mydriasis observation, and does not produce the flare as much as possible on the other hand. That is, 
it is set as the maximum include angle among the include angles which can carry out incidence of the 
illumination Ught to a powder pupil. The light guide include angle theta 1 specifically compounded 
when light guide include-angle Htheta is made into about 13 degrees for the light guide include angle 
theta 2 to the optical axis of the observation optical system 20 about 6 times to the optical axis of the 
observation optical system 20 becomes what was most suitable for mydriasis observation. [0042] 
suitable for mydriasis observation thus, the light guide include angle theta - 2 = about 6 times and the 
light guide include angle H - the concrete basis made into theta = about 13 degrees is explained. 
Drawing 1 7 is drawing for explaining the relation between a light guide include angle and a pupil 
diameter. In this drawin g 17 , the chain line shows an objective lens and the optical axis examined the 
eyes, and a continuous line shows a light guide path. Moreover, H shows [ a pupil include angle ] the 
radius of the pupil examined [ L and ] the eyes for the focal distance of theta and an objective lens. The 
focal distances L at the time of using the objective lens of lens frequency 90D here are L= 1000 / 90 = 
about 1 1.1mm. first - theta - 2 = about 6 times and the light guide include angle H - if it assumes that 
it is theta = about 13 degrees, it will become thetal=14.3 degree from a formula 2. if it is H=Ltan theta 
in drawing 17 here and L= 1 1 . 1 and theta= 6 times are substituted for this formula - a pupil radius - H 
= about 1.2mm It becomes. The value of this pupil radius H is the pupil radius of about 1-1. 5mm at the 
time of the non-mydriasis obtained experientially. theta 2 since it corresponds = it turns out that the 
illumination light by which the pupil was carried out at about 6 times can carry out incidence to a non- 
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mydriasis eye. Moreover, if L= 11.1 and whenever [ theta= 14.3 ] are substituted for the formula of 
H=Ltan theta, it is 2.8mm of pupil radius H= abbreviation. It becomes. Htheta since the value of this 
pupil radius H corresponds to the pupil radius of 2.5-4mm at the time of the mydriasis obtained 
experientially = it turns out that the incidence of the illumination Hght can be carried out to a mydriasis 
eye at the time of about 13 degrees. 

[0043] Next, the fourth operation gestalt of the ophthalmology observation equipment concerning this 
invention is explained. However, especially about a part without explanation, a same sign shows the 
same component as the first operation gestalt like the above-mentioned first operation gestalt. Drawing 
15 is the side elevation of the pupil diameter test section 60. Drawing 1 5 is omitted and shown although 
the same illumination-light study system 10 as the first operation gestalt, the observation optical system 
20, and the include-angle modification section 30 are formed also in this operation gestalt. As shown in 
this drawin g 15 , in this gestalt, the pupil diameter test section 60 for measuring the pupil diameter 
examined [ 1 ] the eyes is formed. This pupil diameter test section 60 consists of a source 61 of a 
measuring beam, and a lens 62 and a line sensor 63, and the measuring beam floodlighted in the source 
61 of a measuring beam reflects in the front face examined [ 1 ] the eyes, and it is received with a line 
sensor 63 through a lens 62. In addition, since it is removable as a noise component even if the 
illumination light which infrared light is used for the measuring beam in this gestalt, therefore was 
reflected by eyegrounds examined [ 1 ] the eyes carries out incidence to a line sensor 63, it can measure 
correctly. 

[0044] Drawing 16 is the explanatory view showing mutual relation, such as a Une sensor examined the 
eyes in pupil diameter measurement, and line sensor light income. A line sensor 63 is for receiving the 
measuring beam reflected in the front face examined [ 1 ] the eyes, and measuring the pupil diameter 
examined [ 1 ] the eyes based on the light income, and as it is installed and constituted by the width of 
face which carried out abbreviation correspondence at iris la examined [ 1 ] the eyes and two or more 
image sensors are shown in the drawing 16 upper part, it is arranged so that the center position of the 
cross direction may be equivalent to the abbreviation center position of pupil lb. The relation between 
the light income measured with this line sensor 63 and the location examined [ 1 ] the eyes is shown in 
the drawing 16 lower part. As shown in this drawing 1 6 , there are few measuring beams reflected in 
pupil lb examined [ 1 ] the eyes compared with the measuring beam reflected in iris la, therefore since 
the light income of the part corresponding to pupil lb decreases among the light income measured with 
the line sensor 63, the pupil diameter examined [ 1 ] the eyes can be measured by detecting the width of 
face W of a part with little this light income. 

[0045] It computes with a light guide include-angle calculation means which does not illustrate prepared 
the light guide include angle which incidence is carried out [ include angle ] from the optimal light guide 
include angle for observation, i.e., a pupil, based on the pupil diameter examined [ which was measured 
by the pupil diameter test section 60 in this way / 1 ] the eyes, and does not produce the flare as much as 
possible in this equipment, and the include-angle modification section 30 controls in this operation 
gestalt by the control means which prepared in this equipment so that the light guide of the illumination 
light might be carried out at this light guide include angle and which does not illustrate. Therefore, even 
when changing the pupil diameter examined [ 1 ] the eyes according to individual difference etc., it can 
illuminate at the always optimal light guide include angle, and optimal observation can always be 
performed automatically. 

[0046] now, the thing which may be carried out with a gestalt which this invention is not limited to the 
operation gestalt shown above, but is variously different within the limits of the technical thought 
although the first of this invention - the fourth operation gestalt were explained until now - it is - the 
following - ******** „ a gestalt is explained. Although the case where ophthalmology observation 
equipment was a large ophthalmoscope was explained in the above-mentioned operation gestalt, this 
invention may be applied to all the ophthalmology observation equipments. Moreover, the include-angle 
modification section 30 may not be restricted to the above-mentioned thing, but may be materialized 
using all the devices of common knowledge, such as a servo motor. 

[0047] Moreover, although the case where a light guide include angle was made into the light guide 
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include angle theta*l for mydriasis observation or the light guide include angle theta'2 for non-mydriasis 
observation was explained, it is not restficted to these two include angles, for example, you may enable 
it to take continuously the include angle to zero - 45 degrees. Moreover, it is not necessarily required, 
and even if the radiation field diaphragm 12 is the case where the radiation field diaphragm 12 is 
established, it does not interlock this radiation field diaphragm 12 with the include-angle modification 
section 30, and is good also as independently operational. 

[0048] Moreover, although the line sensor 63 was used in order to measure the pupil diameter examined 
[ 1 ] the eyes in the fourth operation gestalt, the image examined [ 1 ] the eyes may be picturized with a 
common CCD camera, and a pupil diameter may be measured by carrying out the image processing of 
this image. 
[0049] 

[Effect of the Invention] As described above, this invention of claim 1 and six publications moves a 
light guide means, by having had an include-angle modification means to change the light guide include 
angle of the illumination light to optometry-ed etc., can carry out the light guide of the illumination light 
at the most suitable include angle according to conditions, such as mydriasis examined the eyes and non- 
mydriasis, and can be observed in the optimal condition. 

[0050] Furthermore, this invention according to claim 2 can carry out the light guide of the illumination 
light at the most suitable include angle according to conditions, such as mydriasis examined the eyes and 
non-mydriasis, especially by the ability to change into the include angle for which it was suitable in 
order that an include-angle modification means might illuminate eyegrounds examined [ of a mydriasis 
condition ] the eyes of a Hght guide include angle, or the include angle for which it was suitable in order 
to illuminate eyegrounds examined [ of a non-mydriasis condition ] the eyes fi"eely. 
[0051] and eyegrounds examined [ this invention according to claim 3 / said ] the eyes in an 
illumination-light study system and abbreviation ~ by having had the radiation field diaphragm which 
has the first of a configuration and the second opening from which it is and differs for narrowing down 
the lighting range of the illumination light to a location [ **** ] mutually When a light guide include 
angle is small, by minding a radiation field diaphragm, generating of the flare can be suppressed and 
much more good observation can be performed. 

[0052] In case it is changed into the include angle for which it was suitable in order that, as for this 
invention according to claim 4, a light guide include angle might illuminate eyegrounds examined [ of a 
mydriasis condition ] the eyes with an include-angle modification means, the first opening of a radiation 
field diaphragm is minded again. The lighting range of the illumination light And a rat tail. And so that 
the lighting range of the illumination light may be narrowed down through the second opening of a 
radiation field diaphragm, in case it is changed into the include angle for which it was suitable in order 
that a light guide include angle might illuminate eyegrounds examined [ of a non-mydriasis condition ] 
the eyes with an include-angle modification means Since the time and effort which a light guide include 
angle and opening of a radiation field diaphragm interlock mutually, and is manually interlocked by 
having had a interlocking means to interlock an include-angle modification means and a radiation field 
diaphragm can be saved, it can observe still more easily. 

[0053] Furthermore, by having a pupil diameter measurement means for measuring the pupil diameter 
examined the eyes, and having a calculation means compute a light guide include angle based on the 
measurement result of this pupil diameter measurement means, and the control means which controls 
said include-angle modification means based on the light guide include angle computed with the 
calculation means, the optimal light guide include angle to optometry-ed is computed automatically, and 
this invention according to claim 5 can optimize observation conditions automatically. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin g 1] It is the top view showing the configuration of the ophthalmology observation equipment in 
the first operation gestalt of this invention. 

[Drawing 2] It is the side elevation showing the whole ophthalmology observation equipment 
configuration of drawing 1 . 

[Drawing 3] It is the top view showing the observation condition of a mydriasis eye. 
[Drawing 4] In the observation condition of a non-mydriasis eye, it is the top view showing the 
condition that the illumination light is not extracted. 

[Drawing 5] In the observation condition of a non-mydriasis eye, it is the top view showing the 
condition that the illumination light was extracted. 

[Drawing 6] It is drawing showing the include-angle modification section 30 of the ophthalmology 
observation equipment of drawing 1 , and (a) is important section drawing of longitudinal section, and 
(b) is an important section top view. 

[Drawin g 7] It is drawing shown focusing on the radiation field diaphragm 12 of the ophthalmology 
observation equipment of drawing 1 , and (a) is a perspective view and (b) is a side elevation. 
[Drawing 8] It is drawing shown focusing on the radiation field diaphragm 12 of the ophthalmology 
observation equipment of drawing 1 , and (a) is a perspective view and (b) is a side elevation. 
[Drawing 9] It is the top view showing the configuration of the ophthalmology observation equipment in 
the second operation gestalt of this invention. 

[Drawing 10] It is drawing showing the include-angle modification section 30 of the ophthalmology 
observation equipment of drawing 9 , and an important section side elevation in case (a) considers as the 
light guide include angle theta'2, and (b) are the important secfion side elevations in the case of 
considering as the light guide include angle theta'l. 

[Drawing 1 1 ] It is the perspective view of the include-angle modification section 30 of the 
ophthalmology observation equipment of drawing 9 . 

[Drawing 12] It is the top view showing the configuration of the ophthalmology observation equipment 
in the third operation gestalt of this invention. 

[Drawing 13] It is the side elevation of the ophthalmology observation equipment of drawing 12 . 
[Drawing 141 a light guide - an include angle - H ~ theta -- * V - theta ' - G - theta - ' - mutual - 
- relation - being shown - an explanatory view - it is . 
[Drawing 15] It is the side elevation of a pupil diameter test section. 

[Drawin g 16] It is the explanatory view showing mutual relation, such as a line sensor examined the 
eyes in pupil diameter measurement, and line sensor light income. 

[Drawing 1 7 ] It is drawing for explaining the relation between a light guide include angle and a pupil 
diameter. 

[Drawing 18] It is the block diagram of the conventional large ophthalmoscope. 
[Description of Notations] 
1 Optometry-ed 
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[Drawing 1 7] 




[Drawing 18] 
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m^^<r)'mbm^m^m:'&'MX.. mim<m 
mkws^ms&^WMhtMzm-h j: ^ tcMEsa 

«S«-^tf^lTBDi:BSil3c-ri.ll2¥®l*lT\ IwieS? 

3KWJi(= J: hmimmL<r>%mb-mLmm^ik<r)'m 



[000 1 ] 

fz»i<nmm^mz^\^. ^\rjmmzmhmm: 
3 fz>h(nw&\.zm.%:-^thmm^Mm.^zmh . 

[0002] 

h t<r)tlimmtiXii 0 . ^iUi-«i(C;^e?Kilfc mi 
tiX\^h. Z<r>±mStmi.. 01 8{c.T^tJ:ot, itti 

uyxioot. zcr>Mm\^yxioom/-^^]yyx 
I0 2^'ftixmm^ii:^tir':ifymi^uyxi 

oib. Mf^sM 1 0 6 1 ^^t^mm^^b. m^nyt 
^:m-mBmmi o 3 . ggB^Ttisi o 3^.^bm^i« 
m 1 tcr6]<tRi*-r&Rit 5 7- 1 0 4 1 s-wtsHiBj 
^^kbimtxm^^tix^^^. BgBj^t^^coRits 
7-104 {±. BgHjjtii 1 0 sij^t^mmmm.m' 
mm 105 b im^j:i,nmzxmm i izmytt 

[0003 ] 

3t«1 1 0 5 i: . BlBj3t^^<7)3tW 1 0 7 1 O^t^S 

°^m.bmkm.b(r>m.miti^±% < ^ o . 

mmmmi)±t<b^. 7\yTi±t^^^j:\^zb 
[00 04] zzx-wmimmmk-fh^. m 

mi.z^mth Zb\<zX ^Wm l <7)K?LS:;*c# < 

1 £oii?L*«ii«<7);*;# $ X'hhmx'mmt:'ii o iifiifa 
ffi^fc<02oi7)|g^:ft-SA<^ffl$ixTv^§. Zffioh^ 

wm^zii\^x\i. mm. i <oit?L*«:^# < m\^x\^h 
tz^. m%^^i±t<Lxh. mmtt^^mz^hti 
^zb-^j:<wmiff)mMitx'$mth, 
mm.<<zh\^x\t. wminrnwi-^^^^fz)^. m. 
mk<r>^ b mm^zmimm^± # < -r * t . 
mAz^hixxmm. i (rm^t x-im 
[000 5 3 zixh<r)Zbi)-h. wmimmim. 
mxmm^^. ti^-o. yi^7^m))>h^<thtz>i^^z 
\i. ^<m^i,zmLtzm±ni§.xm^mi:m%th'Skw 
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[0006] L*> L^*^''i>ll 1 BtwjK-f :'c«illiiO*ni' 

iiimm^tz. S)i\>mmijcoizm9smimx'^^j:\<^ 
mnmmmmmLfz^mtmx'^mm 

[0007] tt:±ticox 0 i,zmmwm\.zii\.^xim 

/L'Jg^{zl±±ie LfzXolzyu Ti)<±t <^j:<0. IS^tK 

[0008] mMm^(r)mmmmmmxzm 
mm^imm-^fztbiz^j:^tifzh(r>x\ m^mt: 

[0009] 

mmi:mm-t&fz>^cr>^m z<7)^o^j:m^mmm 
mmsi,z}nf?>^mAi:mm-ti>tiiibizm^m i imcr> 
^%mii. MVauyx^itLxmimiiwm-tmm^ 
mwmmznLmsmmm(^m-0!M^-t?>'^Mi^ 
yxbi^-rimm^^^b , mmy^im-mBmm 
t. mmBmmi}-i^<^mmmmimm^j^<7)mib 
im^j:insix\ i^mm^uyxi-n-Lxmiimi 
mzi»<m^^mb ir^-tmm^^^b^mifzm^ 
m^mza^^x. mum^^mmi^it. mami 
mzMtm^M^mmm^-thnni^m^m 

mrz z b ^mb txm^^iix\.^l . 

[0010] trzmm2smco:^mii. mm i le 

. mm.(^mmmmmm-t & tzi^izm it: 
i!kmmmm<^imimmtifzMzm 
uzni^<D\'^i'iH}Hz^m^iEX'f>izb^^mb ix 
m^^tix\>^^. 

[0011] ttzmm3simco:^%mi. mmix 

mmmmcom&be^i^miiLmz. mmm^comm 
mmi:mtziib<o{> (oxK^Hzm^^m^com-mm 
-mn^^^timm mttiz t mmb tx 
mf&^tix^^i. 

[0012] tfzwm4im^^mii. ii^3ie 
m<7)^mxztiux . msinm^^mizxmmm 



&mmi{km(r>mmcoimmmt^tz)^izm uzn 
miz^^hmiziiWBsmm'om-mnmirit 
Lxmm±mmimm(yti. t^. itrie^js^s^ 
mzxmsmmWimwmM<nwm(^m^iW!i 
•fhtz)h{zmLt:n^<,zm.^tih^Mmmmm 
m-<mu^iitLxw^<r)mmmifnt:>ix^i. 
0. minms.^n.bmwmmbimi^^tm 
m^n.i:^itzzb^m<bi.xm^^-ixx\^^. 
[0013] ttzmm5im<r>i?iwm, mm i n 

tz^(^msimm.^m^L. immm^^m'm 
mmzm^\\xmtmm^-kn\m-^9.\&^fkb. m 
m.\ii^m'n^^ixrzm^^i,zmr}\^xmt^js.^ 
m.^mmm-rmm^^biimihzbmm.b ix 
m^^ixx\^h. 

[0014] tfzmmbtmcnimmi. nmuyx 
^i^Lxmrn^wm-Thwrn^b. tmmmt^zMLm 
mm^nm^m^^h^i^yxb 
■^jkb, mmmm-hWMMb. imm^M.t^t,n 
mmi-m%iwimit^ik<n±mb\im^j:hn^x\ 
mmmuyxiitLxmmmm\.zm<m%^wib ^ 
^tmmytm?kb irmifzmmmmmmizuK^x . is 
mm.mMimim<7)m&i:mmt6rzi!bizm-t^x 
0 izmmyt^mzx hsriMmmyt<^mib mamm^ 
^^<o^mbc7)^j:-tmmn^m&L. mtm^(^mi 
m^m<r>m&i:m.mi'htzi^izm-ti>i o xzmBmm.n 

J: ^wiMmm^(r>^mb frieis^Tt^i^coTettt 
(o^j:i-mn&t:B.^^mn&^w^m'mtzzb 
mmbtxm^^iiXK^h. 

[00 15] 

com-mmmmiz-:>\^xmmi^mLxmmxzmmt 
s . H 1 ii^mmmizinfmmmmmm<7y^im^ 

s<^nm^^i:fr^i-m. mi. ia8{iB^g50s-+'D 
i>z^jktmxh^. 

[00 1 61 iaucfcv^T*Kf4fs^s«i. m^mi 
mmt:mm-tirzit>ff)±mmb txm^^tixa 
0. miyf^mobwm^^2obi:mtx^^?>, 
mm^^jhioii. m2iZ7jktxdiz. mmmm^ 
mmmi 1 mmmpji^comizmmmm 1 
2b. vu-uyxi 3b. fmmmthtzi^<7)m 
yt^mziRfiiiy- 1 4 bi}'(=m^$tix\,^i , mm 
mi nzxmt:>tLxmm^u. mm 1 2<om 

■fl.^PgSl 2a-l 2cS-iiii-ri.ii:{3j:oTm« 
m^zmtl. 0U-UyXl3. RHi^y-lA.n 

muyx2i^irix^tmnzmxmyt^tii>. z 
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timmmi 1 . mm*) 1 2. ou-uyxi 3, 
[0 0 17] *?ts^jte^^2 0(i. nmi'yx2 1 

fc, ^3^l^yX2 3i:, W??)^>X2iat^^mu>'X 
2 3 ^tfr LTtt^^K 1 i:m^-rhfzibcomM^i-zi>mm 
^>X2 2i:*>^>fl|^$/T.TV^S, .ra3K^^l OtT 

mr. f^stT^j ) li, w?^j^>'X2 i^ji»), 

lxyX2 303ttt:fir|fi]A.(7)^iJi{cJ; *)im.VyX2 2 i 

>-X2 3 , WmuyX2 2RX/mmm'Jk l O 2r 
5«i, fi*2 4rt{C-«c(C#i*^^>ilTt^ 

I.. 

too 1 8] zzx'm2i,z^-rmiy-i 4i,zxm^ 
IS 1 tci6]tmst $ ti?>mm^<7)y(Mt . 2 0 

cr)miib<^mz{i, m l tc^-r J: ^ tc, fiK3t¥^ 2 0 
1 4 (CTRIt§iX*mwyX2 1 S-ffloTMeJKl 'VJSi 

A'^T./cBSB^3tJi. m^i^^2o<7)mtim^j:^m 

nmzmmmt<m^f^^-k j sr#LT^-rc 
t J: 0 . sst s 5- 1 4 \,zx^^tim<mmt<^ 

[0019] :^mmmmmizii\^xii±mm&e 
i^tizbizx-oxm^nme' ^^^-titcih, 
n&^mmr^ h ft^^gf 3 0 ifm (yiix 
m^musommmmt^) , mmzm^s. 

2 l>d- 2) (c^M^iil.. 03 

tc{ifiiisiK«ta«^t«^^-r. z<r)m3\.zi5\,^x. m. 

m 1 (iStli^St h*), i <r>$L^ 1 a T ilS e?L 
WS-O^^^ < , mm&e ' 1 {cXISBJ3tS:at^BS 1 1 
^Ttf I.. lT'^3K$^i7tMBJ3t (US- 

ES (ifev^TS^HBTtlr^^-^S 1 izx^i-) {i. a«iKl 

s 2 tcT^^^ ) t Lxmrns: 1 mmz^i, . 

[ 0 0 2 0 ] ^/i04 (:«4!lgcKiigiOS^«®^^-r. 
>I<0[l4lCtjV^T. a^«iaRUi«ajtttWcJ)'5. 

2x-m±^ixxu^. 

10 0 2 11 z<nio(,zm%nJS.e- lij^hd' 2^. 

hh^^\te' 2*»<i><9' l/v.(7)^{i, ^jS^S530 
t::J:'>TzS3t«S5Sr(9l7!)>';>(9 2'^. *>|.lMi<92*» 
he\^^'fhzb^zXYfthti.x\^h. z<r>n^^ 

MSI53 0(i. ia2JZS^-fJ:3(C, g*l 5, 24(0lSIfc: 



Es^^^.Tv^l,. 06 ( a ) {i«jsEiEsgi53 offmmt 

ifHIl. 06 ( b ) {i^S^a53 0(7)Tilp|lT'ftl.. 
06 (a) CfcV^T, :ftS^SI53 0(i. IUIeWcI. 

Eissfts iat/jif^wc-3 2f,zxm^^fixy<^^. 0 

«Eflll3 1{i. ffif*l 5. 24SrmjiL. ffi«:l 5^1{*: 
2 4(lJtLT(HlKittW*-&-rStiOT-*l.. IIig6W3 

1 amuyxi 1 (r>m.m. ■t^j:hm 1 op^t 

4t|6](t§?IS^ix;tt>W, •ec05tfflSP^ffi*2 4t2ig 

inm^3 3^itLxnmzmtii^-±. ^^^-^mm 

egfc$fLTv^l>. ::<^?ig?3 3{±H6 (b) (i^-r^a 
(cigiEWi7)IIIlE+'i:«5r4"Di:L;tP3M^^t3}eS$itTfc 
0. Mf^^>'N'-3 25-^gP3 3tc?»oT«l*>1-::i:(cJ; 
0, ffi«sl 5(*li0^5 5-14<^»l^KU::m-|.ft 
m-rO:hlbm^&0 Sr^S-t S ^ i: AiT'l' I. . 

[0022] mz:^mmwmmmizi3\^xii. mytns. 

0ii01t02tl>z^m'^mX'htil£J:<. tfzZtK, 

2-:><r>nmi'Z^^i,z&m.mi^x'^ izt tmt lv^so 

X\ m^»)i'€otzib(r)^^)'v'?mAOtimfhixX 
V^l>. Z^9^)-/^^A0{i. 06 (a) l,Z7Kti.o 
(c. mWl 5 tiS(tfclo<7)?La54 1 . KfLgi54 1 mz 

iSftTtxry y/4 2 , mxr^) yi^A 2{cts#:2 4 

{i!Jt?SB$ffJISfiSSRf^s4 3. SlX/. 06 (b) {C,T^t 
g*2 4t:^(t^c4ocOf$±fLa54 4~4 7A» 

hm^^ixx^^h. 

[0 0 23 ] xr^)y'/A2\,ZXWS.Wzn{I^A 3{i 
-5-<OJgg|5S:^i:fLa54 4-4 l<7>\^'rtiMzm±^^. 

z <mMz J: -5 r g«j 1 5 <^m.w 2 4 tcj^-r 1. m^m^ 
i)^m\^tixm.m>mhtih. zzx\ 4-?m± 
fLa54 4~4 7«i. ^ti-t'tm^nsii: 0 1 . 02.- 
02.-01 (-^^i-xf-i ff^nmi. wm^^7k2 

t) b-rtwzm^^tixuh. mm. 06 cb) 
tc^-ri^tc. %±iimA{z^m^it^^tzmx' 
\m%nmi0 1 t^ro, i^itn^A stciiit^it/c^ 

.®T'«i8?7t^l-S{i^2fc^S. 

[ 0 0 2 4 ] $-c, *iim®t=fctti.Kf4a^ao 

■th. *-r03c^j^-rtiTOcofistt>t^T«i. fiaco 
J: 3 f,zm±nfs.0 • 5-+^^ < T'^ i,<7)x\ S:mm 
mmtmhtii, 04t^t-iiHS[Kiscot^(cfc 

yuTij^^-ri (z<7)7U7coiMm^j:m»^tmBM 
mmmmt . 7j<^«:igffit <o«=5: ogi5^i-s-04 iza 

mix. mmmmizt?>. 
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[0025] zzx-^^mmm^ztufmmm&m^z 
- 1 4 t<r)mzmwm 1 2*<^^t'5^l•r^-^l,. ck^hs 

if«EO 12 5-07 (a) t^-f, ^Oll7 (a) (CiSl^ 

xmm*) 1 2{4, nm^^tcms^ts -eo-gp^^u 

X<Zi:l,zX':>Xmc02^<7)mnS^12a. 12ht 
locoWJ^cO^PSBl 2c kA^m^tlTfeO. 

0 *>r»SPg5 1 2 b (C(49S^i'|.^3a7 ^)\^^12 d*<K«6ji 
Sa-CV^S. ClOBlSfiKO 1 2l4-eo+'i:>OIIIiKt45r4' 

1 2 a- 1 2 c <7)V^-r*l*>S:BlBB3l£ji 1 1 <7)T1:l,zM 

iKmcRmx'^ ixoiz$tix\^?>. 

[0026] 07 (a) iZ^jktiiOiZ. fflpg512a*< 

mBmmi i(^Ti:i,zm.^ixtc^miz)3\^xii. zco 

WPS 1 2 a(7)4"tfi[S t gSHMiS 1 1 *»^.<?)fiSH35tc7) 
4"W2SfcA>mL. L/i*^oT. 07 (b) tc^-TJ: 

mmmi 2i:mj^ixms.^-i4izm'o. mmiS; 
itci6]ffc«5t$n«.. z<r)W)<m. 04(;^uc 

[0027] ^^tWPSB 1 2 b i£-MBH3tiS 1 1 (TiTlTiZ 

iiM.Lfz^-^h. mmn^i 2h<7)'^'mw.tmmmi 

^mmU^-14izmi. yiTtfLgSPgPl 2b{c{4 

^tti^j-i-jtt^sr-^TBgff^o i2^mL. mmiz 
m^^ixi, z(r)m\-m. m^mm^^zit^xm 
^mi^mt^^t-r. it::f}<-^xmmzm&i:^ 
-^mm^Fim^zm^^hzbizi onitiaKtcfc^^T 

[0028] 08 (a) izifitxoiz. mnui 

2 c W^3tasi l<0T1}iz^E.^tifcm^izi5\^X . 

zmn^i2c(r)mim<r)'^mw:i:mm^mi i*» 

'o£7)!i0fl3t*'i:<fiSi:***tJ£L. Uc*<oT08 (b) 

^tw-tissff^o 1 2izmtoiix=mx'^i'. v^^^m 
m^<7)mmn o 1 2 ?:ji3i L-csit s 5 - 1 4 {^m 
0, mmnzmxm^^m. c:«ott^S:05t^ 
■r. 

[00 29] C:cO05tCfcV^t. 04t|B])ltC^AMKl 
04 i: M^r 0 , ±iBO J: 9 tcBlffS 0 1 2 cOPgPgB 1 2 

c trm^fzfzib. ^m^s 1 *<B&^:5}-«oiii mmm-^ 
mzmm) t^r-^rv^s. ftf^ce^jtc^, smugK?) 
mmzmmtmBM^sim&'¥'t<m-mii. m 

4 T1i L 1 + L 1 = 2 L 1 X'3>l<rHzM L . 0 5-C'{4L 

1 X%1. Zcofzisbm5l,z^.i- Jidiz. MBMS 1 tm 

^5ts 2 b^^i^mtcommizj: o^-f S7^r*»'4 



[00301 ztitT^^mmmmmrz&nmn^ 

3 0 bmm 1 2 1 (cooT-f-Ztf WJL^v:*i\ d 

n i^<r>mmimm<r) t ot-^r < s i ^ twist s c: t c j; 

SA^^Tfigt §ni>*^ J:c7)%^C{4!SH«J0 1 2izX-^ 
H3iF«?0 1 2cOWPg51 2a~l 2cCOo*>BflPgP 

1 2a*<ffiffl$^i,. mnimmmmzii. 
nme' 2b-^titz^'^izii, mmm^^^zm-yx 
yuTi:m'j'-^-t?>rci^iz. mm 1 2ioggpa5i 2 

mm 1 20MPla51 2 bfcJ:-:.T!iBB3tS:#^h3fei:-f 

i.^^t{±*imiR 1 «7)it?Ls*<:^# < mmnx'(nmmf}^ 
^mx'hitzi^n^^w.^3 oizx-^xmt/en&^^e' 

Ib^iil, 

[003 1 ] ttzmTjurmt^tf}^. ztihn^'^^ 
3 0bmmi2bii. mmmmmizx-^xm 

^ixl. mm. :ftJg|g|gg|53 0S-fOj*f^UA'-(cJ: 

-{zxm^L. umm^zi^txmm 1 2^s«j 
mz^-i'mi<zxm^^^xi,x^\ ^oauisf^s: 
<t *)M,mmmi b . mm^miz r-«im^t 

-Kj t r#JrH|^:&-Kj c7)20<7)t-H$rt}J'9§i. 
\b^tlfz^{Z\t. mim 1 2<OggPS151 2aSrjl 

mzii'onmmzm^ws^bL. e- 2i:$n?tJ^^tc 

(4. g^PaJl 2cS:ai;^^J;^3i»W^c<^ffl1fctli:■f 
S. tfz ^m\mi^-Yi t,m^'^Mz^^\z\i.. m 
m&immzd' ibi-ibmz.mmi2<D 
mn^irmmizi 2b bth. 
[0032] ix^z:^^mmmmmmmw.<r>m-mm 
mmz'p\,^xmmti. fztiL. mzmm^j:^m^z-^ 
\.^xii±uit:m-mmmmbmmx'h *) . trc^-m 
mmbmtm!mmimvfmzx7^-r. 09ii*»ife 
Bw^<^±i¥m^i:^stmmmx'hi, >rc7)09t:fci^T 

mm 1 2izxmiit:tk. 5- 1 4 axtiR 

Its y- 1 4 hizxm^ti. WLW(i^Jk2 Off)%nb 

\im^j:inmzxwm 1 m^^tih . 

[00 33] c:;T'09Cc5^-f<k5t::s Kits 7- 14 

3-\,zxm^titzmnmm^^e 1 izxM^uyx 

1 t'lseiBS 1 <7)iia!si:|ij5i-rs. t^cswa 7- 1 4 b 
izxmi^tifzmmm^n!iie2 {zxn^\^yx2 
1 tcAit t . 'ec7)f*»«!K 1 tcAit Lxm^ni^e • 2 
x-mm. 1 <r)m&<,zmm-th . *iijfejg®ttiv ^rti. 
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c 0 0 3 4 ] 0 1 oktiiF^WMmzanhnmssm s 

OcnWiimX'M. (a) (iR|t57-14b$-fi6fflU 

x\^hm^. {h) {tm^y-\Aa.imLx\^h 
*t«5-*-f . t-rm\i \,z\inm^^ 3 o mnmt 

UT*t. ^«7)|ai HC^^tJ:o(Cftjg^MgiJ3 0{i, 
S«5 l(C2o<0R*fS7-14a. 14bSrllSLT 
J^)i!t$nTfcO, icO«fi?5 1{±Ill!!6!tt5 2S-tt''i:^i:L 

xm.'s\^\.z-xmfix\^i. ^(r)mL5 i^mm^^ 

l>::>:{Ci-:)T20C7)RltS5-14a, 14b<7)l^-r 
tl*>2rStR6<){C!iBMiSl 1 <7)3tll6±{ciil-f I. ^ t 

[0 0 3 5] 01 0 (a) {C^-fctetC, RS=f5 7-l 
4 b 2r!isMj® 1 1 (r)^l.izm. Ltz^-^^zim^A 5 
7- 1 4 b{Ci-7TBgHMA»'ai3t^K^ 1 tCTSl3K$^l 
I. J: a . RIti 7 - 1 4 b<7)ffia{5B&tX^Jg*<^^$ 
^iTt^S. ^/i0l 0 (b) \,z9ri-fiioi,z. m^y- 
1 4 a m^mU 1 1 <03t«i±(cEMLyL*J«^{Ci^KW 

s 7 - 1 4 atcj: '>xmmm^md2 izxm^^ 

S 7- 1 4 a . 14 b<7)l^-fix*>*<^BS7fejS 1 1 CO 

m±i.zmmiii. 

[0036] mz:^mmmmmmmcom^m^f& 
mmiz-^^^ximth. fzfzt. mzm^d:^miz'^ 
\^xii±iiitim~mmmtnmx'h'o . ttim-m 
mmtntmrnmiim^izx^. m 2{±2|s:^ 
mmizmmmmmm<r>^wm^i7r:t'f-mm. 



01 3 {401 2<mmmkmm.<^mmm. 01 4{4f^ 
•tm^me- .ve'.G0' i^is.mmm 

thfzihcrimx'hi. 

[0037] *}g®^^fcv^•c(4, wmm^ik 2 ocom 
ir-tts^'^mfH (01 2imtm-mm xB&^ixi 

SEffirt (01 2iEffi{cWLSa^rffll*I) xm^^tii 

0X'mm^i:mmmx'hi. mmza, m-mmm 
mt nmiznf^^^ 3 0 *^is(t ^^jiiTfe 0 . zti^zx 
')xmi2iZ7rstxoiz. m^^^jk2o<7)mii:tts 
7ii^mmzi5\,^xm^nmei}m^^ix. mm^ti 
ifi:^itnmBMmimmm0' x-mmmim^ 

(CAW-fl.. *^^3js:K3^4ffi^a^cfcl-^rl4, 01 3{: 
TjktX d {c, ff^BflJt^^ 1 OcoRnny- 1 4*<S^3fe 
^^2 0 <r)mnznim^±-)]izms^til t tc J: o 
a^3fe^^2 0c03Kllt5r-i-tjSilBl*Iti3ttl.3l5K 

mmf^ye' xwkmimmzAiitti. Ltzt^-^ 
xmmM. mm,f.z\mitkm emm^A&y e ^ 
^^Lxt£hM^me\,zxM%'^fi. wmim. 
mzGd' xmth. 

[00381 ztifyve' . He' . ce' fflsoraf* 
miA^^mtxmm-tt. 0i4(ifci^-c, m 
m^^mmi^x$i. *Tffl$rx-Y¥ffl. mmmi: 
x-z^ffl. mnmim&t:mmAtLxmi-. 
ixmmsive' ix-z^m. mm&H0' s-x 

izam^t^tj 
mi] 



( 2sm— ) = ( 2sin— ) + 

[0039]:::: -c\ 013 izintx 0 (c, 
v^T. »3t^iev^{4iEU:iitfS^{cjiL/::3l7t^jg(9 2 
l>zmj^^tlXi3<0 . 01 20?l3tftJtH^co;^*<^Jg^ 
Sa53 0(cJ:oT^Sg^tlt$itTV>|,. Uc*^"oT. 
t •rn&^mSi 3 0 J: -oT^ifeftigH e = ottti 
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